Introduction
Ultrathin oxide films grown on metal substrates receive much attentiona sa dvanced materials with superior functional properties in modern technological applications.
[1] In particularf or catalysis, well-orderedo xide films were recognizeda ss uitable modelsf or elucidating the atomic structure and mechanisms of chemical reactions on oxide surfaces and oxide supported metal nanoparticles. [1c, 2] Recently,u ltrathin transition-metal oxide films have been invoked to rationalize the so-called Strong Metal/Support Interaction which often resultsi na ne ncapsulation of metal particles by at hin oxide overlayer stemming from the support. [3] In addition, the systemsc onsistingo f oxide nanostructures (primarily,a st wo-dimensional islands) grown on am etal surfaceh ave been studied to address reactions that may occur at the metal/oxide interface in conventional, oxide-supported metal catalysts. [1b, 4] Our recent studies of variousm etal-supported ultrathin films in CO oxidation revealed an inverse relationship between the reaction rate and the binding energy of the most weakly boundo xygen (WBO) species which was suggested as ag ood descriptor for CO oxidation on continuous (dense) films. [5] Those WBO species were detected via temperature programmed desorption (TPD) measurements of the films exposed to pure oxygen (typically 10 mbar) at the reaction temperature. Although the precise mechanism of O 2 desorption from such films remains unknown, the desorption temperature can be used as aq ualitative measure of the WBO binding energy.
If the oxide film partially covers am etal substrate, CO adsorptiono ns uch systems becomes crucial as well. Indeed, the CO oxidation rate on ZnO(0 001)f ilms increased considerably at sub-monolayer (sub-ML) coveragesw hen grown on Pt(111), but not on Ag(111).
[6] The effect was reasonably explained by am uch strongerC Oa dsorption on Pt(111)a sc omparedt o Ag(111)w hich,i nt urn, increases the residence time for adsorbedC Ot or eact with WBO supplied by ZnO. Therefore, the CO adsorption energy can be considered as another descriptor for the reaction, which may even dominate at sub-ML oxide coverages.T hish as recently been demonstrated forF eO(111) islands deposited on Pt(111). [7] Both experimental andtheoretical resultsp rovideds trong evidence that, in addition to the reaction pathway on the oxide surfaceaso bserved on acontinuous film, the reactionp rimarily occurs between CO adsorbing FeO(111)f ilms grown on aA u(111)s ubstrate weres tudied in the low temperature CO oxidationr eactiona tn ear-atmospheric pressure. Enhanced reactivity over the otherwise inert Au(111)s urfacew as only observedi ft he iron oxide films possessed so-called "weakly bound oxygen" (WBO) species upon oxidation at elevated pressures. The reactionr ate measured under O-rich conditions (CO/O 2 = 1/5, totally 60 mbar,H eb alance to 1bar) was found to correlate with the total amount of WBO measured in the "oxidized" films by temperature programmed desorption.T he initial reaction rate measured as af unction of the film coverage showedamaximum at about one monolayer (ML), in contrastt o% 0. on Pt and WBO speciesa tt he island edge. Note that WBO species were only observed at ah igh chemical potential of oxygen (i.e. elevated oxygen pressures). Once formed, they readily react with CO even under UHV conditions thanks to the strong CO adsorption on the Pt sites availableatsub-MLcoverages.
Previouss tudiesi ncluding density functional theory (DFT) calculations showed that, under reactionc onditions, an FeO(111)m onolayer film on Pt(111)t ransforms into an "Orich" FeO 2-x structure which can be described, for simplicity,a s an O-Fe-O trilayer, [3d] although the precise structure appears to be more complex,o wing to the Moire superstructure caused by the lattice mismatch between the oxide layer and the support. According to our TPD study, [7] the same transformation occurs for FeO(111)f ilms at sub-MLc overages. However,i n their studies, Bao and co-workersc oncluded that the FeO 2 -like structures are inert, [8] and the reactivity must be linked to coordinatively unsaturated Fe cations at the edges of pristine FeO(111)i slands which dissociate O 2 .
[9] Oxygeni ons, which bind both to Pt and Fe, are responsible for the facile CO oxidation.
In attemptst os hed more light on the reactivity of metal supported ultrathin films and elucidate the role of am etal support, in this work we address the reactivity of the FeO(111) films on Au(111)a nd compare the results with those from the previously studied FeO(111)/Pt(111)s ystem. In principle,g old is the most inert noble metal with respectt ob oth CO and O 2 , and therefore, one can readily assign the observed reactivity (if any) to the iron oxide phase. In addition, the Au(111)s urface has as urfacel attice constant and aw ork functionq uite different from those of Pt(111). Both parameters may be crucial for the phase stabilitya nd oxygen inducedp hase transformations.
The preparation of an FeO(111)f ilm on Au(111)h as first been reported by Matranga and co-workers [10] by oxidation of Fe deposits with molecular O 2 .Acombined scanning tunneling microscopy (STM) and x-ray photoelectron spectroscopy (XPS) study showed the formation of FeO(111)m onolayer islands and ac ontinuous film exhibiting aM oire structure very similar to that previously observed for FeO(111)/Pt(111). Under certain preparation conditions using NO 2 as an oxidizing agent, other iron oxide structures can be formed, which were assigned to Fe 2 O 3 (0 001) [11] and Fe 3 O 4 (111). [12] Interestingly,a mbient pressure XPS studies revealed that ac ontinuous Fe 2 O 3 film showedadifferent response to elevated pressures of CO (0.2 torr) as compared to nanoparticulate Fe 2 O 3 . [13] Recently, Fe 2 O 3 /Au(111)m odel catalysts have been examined by Yan et al. [14] in the CO oxidation reaction at pressures between 4 and 100 torr and temperatures from 400 to 670 K. The authors observed am aximum rate at 0.4 ML coverage (as determined by Auger electrons pectroscopy,A ES), suggesting the active cites to be located at the Fe 2 O 3 /Au(111)p erimeter.Y ue tal. [15] compared the activities of differentlyp reparedi ron oxide/ Au(111)m odel catalysts, which were characterizedb yX PS before and after the reactioni nt he mixture of 5torr CO and 5torr O 2 at 575 K. The results showed that neither FeO nor Fe 2 O 3 is stable under the reactionc onditions used, and both transform into the Fe 3 O 4 -like phase. Interestingly,t he initial reaction rate was found to be the highest on FeO(111)/Au(111) as as tarting material.
Results and Discussion
As the reactivity studies were carried out in the UHV setup which was not equippedw ithS TM to measure the FeO(111) coverage directly,w ef irst address coverage calibration which is, in fact, not at rivial issue. Film thicknesses estimated from XPS and/or AES measurements using tabulated values for fitting parameters (such as am ean free path of electrons and acrosssection) which are commonly derived from experiments performedo nf ew nanometers thickf ilms becomes rather inaccurate in the case of ultrathin, that is, monolayer films (see, for instance, ref. [17] ).
In our previouss tudy of FeO(111)f ilms supported by Pt(111), the oxide coverage in the sub-monolayer range could be determined by CO titration of the bare Pt surface with TPD since FeO(111)d oes not chemisorb CO. [7] Precise morphology of the islands shouldn ot affect the CO uptake results as the DFT calculations showed only small changes of the CO adsorption energy for the Pt sites closet oF eO(111)i slands as compared to the regulars ites. Figure 1a demonstrates that the intensity ratio of the O( at 512 eV) and Pt (at 237 eV) Auger electrons is linearly proportionalt ot he FeO coverage measured by CO uptake. In the case of Au(111)asasubstrate, the metal surface could hardly be titrated by CO and other probe molecules. All desorption signals on Au(111)a tt emperatures above 90 K( only accessible with our setup) are commonly associated with the surfaced efects. On the other hand, Au and Pt, being neighbors in the Periodic Table, exhibit similar fingerprints in AES (andX PS). Av ery small kinetic energy difference of Auger electrons in Au and Pt (239 and 237 eV,r espectively) implies the same mean free path. Also, the elemental sensitivity of the corresponding Auger line in Au is only % 5% higher than in Pt. [17] Moreover,s ince the measurements on both systemsw ere carriedo ut with the same spectrometer and the same parameters (e.g. excitation energy,o scillation voltage, acquisition time, etc) all apparatus effects are self-cancelled. Therefore, the FeO (111) In addition, Figure 1b shows that the Auger O/Au ratio is linearly proportionalt ot he Auger Fe(653 eV)/Au(241 eV) intensity ratio measured before the oxidation step, thus suggesting that the compositional stoichiometry of the FeO(111)f ilm remains unchanged in this coverage regime. At high coverages the results scatter most likely due to the formation of different iron oxide domains. [10] Furthermore, AES measurements in another chamber,a dditionally equipped with STM that allowed measuring the Shown in Figure 2a are the typical kinetics of CO 2 production measured in the circulating mixture of 10 mbar of CO and 50 mbar of O 2 (He balance to 1bar) on the pristinea nd FeO(111)c overed Au(111)s urfaces at 480 K. The reaction was performed in excess of oxygen in order to preventf ilm dewetting that occurred in stoichiometric (CO/O 2 = 2:1) and CO-rich conditions on the Pt(111)s upported films. [3b, 18] As expected, the clean Au(111)s urfacei s, in essence, inert in this reaction. (Some CO 2 production can be attributed to reactions on the sample holder and heatingw ires). Clearly,t he iron oxide overlayer considerably promotes the reaction which, however, slows down in time. Therefore, we focus solely on the initial reaction rate, that is, measured within the first 10-15 minutes. The rate strongly depends on the FeO(111)c overage and shows am aximum at about 1ML( Figure2b). Data scattera t high coverages where iron oxide phases other than monolayer FeO(111)c an readily be formed [10] (see also Figure 1b ). Such av olcano-type curve has previously been observed in our experiments on FeO(111)/Pt(111). [7] However, the rate was the highest at the sub-monolayerc overage ( % 0.4 ML), so that the promotional effect could straightforwardly be attributed to the reactiona tt he oxide/metalp erimeter sites. Apparently,f or the FeO(111)f ilms on Au(111), the reaction is proportional to the total surface areao ft he FeO(111)p hase. These resultss uggest that:1 )the reactionp rimarily occurs on oxide surfacer ather than at oxide/metali nterfacial sites;2 )atn ominal film thickness above 1ML, other structures start to form which are inactive in this reaction, but dominate at high film thicknesses. Both conclusions well agree with the generalp icture developed for the Pt(111)s upported films as discussed above. Indeed,C Ov ery weakly adsorbs on the Au(111)s urface in contrast to Pt(111), and hence the reactiono nA us upported islands does not benefit from having the oxide/metal interface. With increasing nominal film thickness above one monolayer, FeO(111)t ransforms into another phase such as Fe 3 O 4 (111) which shows no rate enhancement.
[3b]
Since the CO oxidation reaction was performedi nt he O 2 -rich atmosphere, any structuralt ransformations that occur on FeO(111)/Au(111)u nder reactionc onditions are likely governed by oxygen ambient as it was previously shown for FeO(111)/Pt(111). [19] Therefore, in the next set of experiments, we performed structural characterization of the freshly prepared films after exposure to 20 mbar of O 2 at 480 Kf or 10 min. Thesamples were cooledd own to 350 Kb efore pumping oxygen out.
The low energy electron diffraction( LEED) pattern of an 1MLF eO(111)/Au(111)f ilm is shown in Figure 3a .S imilarly to FeO(111)f ilms on Pt(111), the "flower"-like diffraction spots are indicative of aM oire-like coincidence structure that was observedb yS TM, [10] (see also below). The FeO(111)i nteger spots are almosta ligned with those of Pt(111). Therefore, in the first approximation, we assume no rotationo ft he FeO(111)l ayer with respect to Au(111). Using the surface lattice constant of Au(111)( a Au(111) = 2.88 )a sa ni nternal reference, we obtained the value 3.14(AE 0.04) ,o na verage, for the lattice constant of FeO(111). For comparison, the measurements on the Pt(111)s upported films performed with the same LEED apparatus yielded 3.06(AE 0.03) ,o na verage (Figure 3c) . The latter value is considerably lower than 3.11 reported by Weiss et al., [20] who employed am ore precise spot profile analysis LEED technique, which is in turn very closet o 3.13 calculated on the basis of ac oincidence structure where eight unit cells of FeO(111)c oincide with nine unit cells of Pt(111)( a Pt(111) = 2.78 ). To some extent, the observed discrepancy on FeO/Pt samples (3.06 vs. 3.11 )c ould be assigned to imperfection of our LEED optics. Using 1.016 (= 3.11/3.06) as the scaling factor,w ec an recalculate the lattice constant of the FeO(111)l ayer on Au(111)t hat yields 3.19 .A gain, the latter value nicely agrees with 3.20 obtained for the situation when nine unit cells of FeO(111)c oincide with ten unit cellso f Au(111). In fact, such coincidence structure is favoredbyatomically resolved STM images presented by Khan et al. (see Figures 8a nd 9d in ref. [11] ), although the authorst hemselves preferred thev alue 3.3(AE 0.3) )o nt he basis of interatomic distances directly measured by STM.
Displayed in Figure 3b is the LEED pattern of the film upon high-pressure oxygen treatment. The diffraction spots become weakera nd broader,t hus suggesting certain disordering caused by oxidation. Nonetheless, we found that the film lattice constanti sr educed substantially,t hat is, from 3.19 to % 3.08 .S uch ar esponse is very different from that observed on FeO(111)/Pt(111)u nder the same treatment (see Figures 3c,d). In the latter case, the film remains highly ordered and no considerable changes in the lattice parameter are detected.
Further AES inspectiono ft he oxygen treated FeO(111)/ Au(111)f ilms showedt hat the Auger O/Fe ratio in the monolayer film increased by % 50 %( at most),t hat is considerably smallert han > 80 %o bservedf or the 0.6 ML and 1MLF eO/Pt films after exposure to the same conditions. Finally, the samples were studied by TPD in order to see whether WBO species are formed under high pressure oxygen conditions. Figure 4a shows as eries of O 2 (32 amu) desorption spectra recorded on films of different thicknesses as indicated. Note, that the end temperature was limited to % 1000 Kt o avoid ar isk of damaging (e.g. melting) the Au crystal at higher temperatures. As harp desorption O 2 peak is observed at 635 K which was missing on the "as prepared" FeO(111)/Au(111)s urface ando nt he clean Au(111)s urface after the same treatment. Therefore, this signal can straightforwardly be assigned to WBO speciesw hicha re only formed at elevated oxygen pressures. Interestingly,t he total amountso fW BO follow the same volcano-type curve as the reactionr ate, both showing am aximum at % 1MLcoverage (cf. Figures 4b and 2b) .
To shed more light on the structural transformationsi nduced by oxidation at high pressures, we carriedo ut STM studies in another UHV setup. Figure 5a shows large-scale STM image of the "as prepared" film at the % 0.5 ML coverage. As in the previously reported STM study by Khan et al., [10] FeO(111) islands are readily identified by the Moire structure with a % 30 periodicity.T he islands are surrounded by the clean Au(111)s urface showing a" herring-bone" reconstruction (Figure 5b) . The apparent height of the islands is about 0.8 (depending on the tunneling conditions, though), whichc an, therefore, be assigned to as ingle FeO(111)l ayer.N ote also, that under certain tunneling conditions the island edges look much higher than the interior region, thusi ndicatingv ery different electronic structure of the step edges. In addition, af ew particles about 6 in height can also be observed on this surface.
An STM image of the film exposed to 10 mbar of O 2 at 470 K is displayed in Figure5c. Basically,t he film morphology remains the same:T he lateral size and shape of oxide islands are not changed, and the "herring bone"A u(111)s urfaceb etween islands can stillb er esolved. However,t he Moire periodicity on the islands increased from % 30 to % 45 .T his findingw ell agrees with the LEED results (Figure 3) showing that the lattice constantc onsiderably decreasesu pon high-pressureo xidation. Indeed, as horteningo ft he FeO(111)l attice constant reduces the mismatch with the Au(111)s urfacea nd hence increases the periodicity of the coincidence structure, which can be described as 14 a FeOx -15 a Au(111) = 43.2 ,u sing a FeOx = 3.08 as suggested by LEED. In addition, the islands height increased from initial 0.8 to 1.5 ,a lbeit both affected by the tip conditions and tunneling parameters.
Further TPD and AES measurements on this sample revealed av ery small O 2 desorption peak at % 635 Ki nT PD spectra, but almostn oo xygen enrichmenti nA uger spectra, in fairly good agreement with the results obtained on low coverage samples in the "first" UHV chamber.
Shown in Figure 6a is an STM image of as ample, which was prepared by deposition of enoughFeamount to form acontinuous FeO(111)f ilm. Them etal and oxide surfaces in the film displayed in Figure 6a can clearly be distinguished by the "herring-bone" (on Au) and Moire (on FeO) patterns. In contrast to the low coverage regime, Au(111)a d-islands are observed which are surroundedb yt he FeO(111)/Au(111)s urface, thus resultingi nt he filmc overage equivalent to % 0.7 ML. To some extent, the formationo fA u(111)a d-islands can be attributed to the % 4% excesso ft he Au atoms accommodated in the topmost layer of the reconstructed Au(111)s urface, which transforms into the Au(111)-(1 1) structure underneath the FeO(111)l ayer.I na ddition, at near-monolayer coverages, some iron is involved in the formation of thicker iron oxide islands also seen in Figure 6a .
Subsequento xidation in 10 mbar O 2 at 470 Kr esultsi ns ubstantials urface reconstruction as shown in Figures6(b,c) , which is again in contrastt ot he low coverage regime. The terraces now expose such ar ough surface that oxide and metal phases can hardly be differentiated. Nonetheless,t his sample showed an amount of WBO af actor of 2h ighert han on the 0.5 ML sample, still by an order of magnitude smallert han measured under the same conditions over Pt(111)-supported films. Therefore, the resultso btained in two different experimental setups well agree with each other.
To rationalize the promotional effect of FeO(111)o nr eactivity of Au(111)i nC Oo xidationa tn ear realistic pressure and temperature conditions, let us summarize the keyexperimental findings as follows:
1) The reactionr ate vs. coverage plot shows av olcano-type curve with amaximum at % 1MLc overage; 2) The reactionr ate correlatesw ith the integral amount of WBO speciesf ormed in pure oxygen ambient at the reaction pressures and temperatures; Figure S1 in the Supporting Information, SI); 4) The morphologyo ft he FeO(111)/Au(111)f ilms oxidized at high oxygen pressures dependso nt he film coverage:A t low coverages,t he morphologyo fi slands remains basically the same, although the surface lattice constant decreases from 3.2 to 3.08 .A tc lose to monolayer coverages, the films undergo massive reconstruction resulting in poorly defined structures.
Following general considerations discussed in the Introduction, result (1) favors the conclusion that the reaction occurs primarily on iron oxide phase rather than at the oxide/metal interface. Finding (2) further validates this conclusion and suggests that the WBO formation and its replenishment in the catalytic cyclei st he rate limiting step. Comparison with the FeO(111)/Pt(111)s ystem shows that WBO species on Au(111) supported films must be more active towards CO. Indeed, temperatured ependence for the reactionr ate measured on (the most active) 1MLF eO(111)/Au(111)s urface at temperatures between 450 and 500 Kr evealed the Arrheniusp lot (see Figure .T his value is much lower than 113kJmol À1 previously reported for 1MLF eO(111)/Pt(111), although in stoichiometric CO/O 2 mixture.
On FeO(111)/Pt(111), weakly bound oxygen atoms were identified with the topmost O-layer in a" trilayer" O-Fe-Os tructure only formed at high chemical potential of oxygen.However,f or the FeO(111)/Au(111)s ystem,o ne encounters certain difficulties to invoke such transformationsa st he total amounts of WBO measured by TPD is very low.A lso ac omparative STM study of the FeO(111)i slandsb efore and after high pressure exposure ( Figure 5 ) does not provide compelling evidence for the formationo fat rilayer structure clearly observed on FeO(111)/Pt(111).
[3d] Instead, the smooth and wave-like longrange periodic surface structure of FeO(111)i sm aintained. However,t here is ac ertain effect of high pressure oxygen treatment on FeO(111)i slands, ultimately causing changesi n the surface lattice parameter and island height. On the one hand, such a" thickening" would be consistentw ith the formation of additional O-layer in the structure. On the other hand, the amount of WBO measured by TPDi se quivalent to about 8 additional oxygen atoms that have to be distributed in the entire Moire supercell, which in turn consists of % 80 FeO(111) unit cells. In principle, as hortening of the surface lattice constant could readily increase the surfacer umpling [21] and hence the apparent height.
Nonetheless, the most active, that is, close to am onolayer, film substantially reconstructsunder the reactionconditions resulting in as tructure which is difficultt oa ssign to ap articular iron oxide phase (Figure 6 ), which, however, possesses the highesta mounts of WBO. Ta king into account the arguments presenteda bove for the sub-ML films, it seems plausible that the iron oxide phase on Au(111)t hat becomes activei nt he CO oxidation reaction, is not represented by ap lanar,s lightly O-rich FeO 1 + x (111)-derived structure, but yet ill-definedn anoparticulate iron oxide, which hasw eakly bound oxygen in the structure.
The reaction induced film transformations observedh ere agree well with the XPS resultso fY ue tal. [15] who showedt hat FeO(111)i su nstable and transforms into the Fe 3 O 4 -like phase under applied reactionc onditions (although quite different from those used in our work).O nt he basis of DFT calculations of variousi ron oxides/metal interfaces, the authors came to the conclusion that Fe 3 O 4 is the only active iron oxide phase as it allows O 2 dissociation on active Fe 2 + sites, available at the particlee dge, and subsequent facile reaction with CO. The role of Au in this reaction is to adsorbC Oa nd to provide moderate binding to dissociated O 2 ,t hat is similart ot he mechanism first put forwardb yS un et al. for the case of FeO(111)l ayer supportedo nP t(111).
[9b]
While performing reactions at elevated pressures, one has to take precautions with respectt ot he traces of water in the feedstock. Indeed, recent ambient pressure XPS studies of FeO(111)/Pt(111)p rovided evidencef or the formation of considerable amountso fh ydroxyl speciese ven in pure O 2 in the mbar range, [22] in agreement with previousr esultss howing the formation of an FeO(OH)-like film upon water exposure. [23] The dissociation of H 2 Or esulting in hydroxyl groups at Au(111)-supported FeO(111)i sland edges wasa lso observed by STM and XPS at water pressures rangingf rom 3 10 À8 to 0.1 torr. [24] Althoughl attice oxygen in bilayer FeO(111)o nP t(111)d oes not participate in CO oxidation, CO 2 can readily be formed by CO reacting with such hydroxyl groupsa ss hown by isotopic labellinge xperiments by Huanga nd co-workers. [25] In principle, unsupportedn anoparticulate iron oxides are knowna sg ood CO oxidation catalysts. For example, ah igh activity and al ow activation energy ( % 70 kJ mol
À1
,c ompare to 60 kJ mol À1 in our work) was reported for 3nmi na verage size Fe 2 O 3 nanoparticles in CO oxidation under O 2 rich conditions at % 570 K. [26] Zheng et al. [27] found that quasi-cubic Fe 2 O 3 nanoparticles, mainly exposing (110) facets, are even more active, likely due to ah igherd ensity of the surfaceF ea toms than on the conventionally preparedn anoparticles.
Conclusions
FeO(111)films grown on aAu(111)substrate showed apromotional effect on the reactivity of the otherwise inert Au(111) surfacei nt he low temperature CO oxidation reaction. Ther eactivity was only observed if the prepared iron oxide films show weakly bound oxygen speciesu pon oxidation at elevated pressures. The reaction rate measured under O-rich conditions (CO/O 2 = 1/5) was found to correlatew ith the total amount of WBO measured in the "oxidized"f ilm. The initial reaction rate measured as af unction of the film coverage showed am aximum at about 1ML, in contrastt o% 0. amounts. STM studies showedt hat the FeO(111)l ayer on Au(111)i sf airly stable towards high pressure oxidation in the low coverage regime, but undergoess ubstantial reconstruction at near-monolayer coverages,t hus resulting in poorly-defined structures.
Comparison of structure-reactivity relationships observed for Au(111)a nd Pt(111)s upported FeO(111)f ilms revealed the complex role of am etal support on the reaction. Although as trong interaction with the Pt(111)s urface stabilizes ap lanar, FeO(111)-derived structure for the active oxide phase, in the case of am ore weakly interacting Au(111)s urface, the reaction atmosphere inducess tructuralt ransformationsg overned by the thermodynamic phase diagram of the iron oxide,a lbeit it seems crucial to have ad ense FeO(111)f ilm as the precursor. Furthermore, the CO oxidation reactiono nt he Pt(111)s upported films may benefit from the strong CO adsorption on Pt in proximityt ot he oxygen providing FeO 2-x phase, whereas such am echanismi sh ardly possible for the Au(111)s upport, owing to av ery weak CO adsorption.
The resultsa lso show that using the "inert"m etal support does not solely imply that the reactiono ccurs only on oxide phase. In fact, the inert support may dramatically affect the reaction through structural transformations, otherwise impossible for the more strongly interacting oxide/metal systems.
Experimental Section
The experiments were performed in two UHV chambers (base pressures % 2 10 À10 mbar). The first chamber is equipped with LEED, AES (both from Specs), and differentially pumped quadrupole mass-spectrometer (QMS, from Hiden) used for TPD experiments. The Au(111)s ingle crystal (from MaTeck) was spot-welded to the two Ta wires for resistive heating and cooling by filling the manipulator rod with liquid nitrogen. The sample temperature was measured by aK -type thermocouple inserted into as mall hole in the edge of the crystal. The chamber houses ag old plated high-pressure (HP) cell ( % 30 mL) for performing reactivity studies at near atmospheric pressures using ag as chromatograph (GC, from Agilent). For reaction tests, the reaction mixture consisting of 10 mbar CO and 50 mbar O 2 ,b alanced by He to 1bar,w as introduced into the HP cell at room temperature and circulated using am embrane pump for ca 20 min to rich constant flow conditions. Then the sample was heated to the reaction temperature with ar ate of 1Ks
À1
.A fter the reaction, the sample was cooled down to 300 K while pumping the HP cell out down to 10 À6 mbar before transferring into the main chamber for the post-characterization.
The second chamber is equipped with LEED/AES (Specs), QMS (Hiden) and STM (Omicron). The Au(111)c rystal was mounted on the Omicron sample holder and could be heated by electron bombardment from the backside of the crystal. The temperature was measured by aK -type thermocouple at the edge of the crystal. For high pressure treatments, the sample was transferred into the HP cell (base pressure 10 À8 mbar) separated by ag ate valve from the main chamber.T he heating in the HP cell was achieved by illuminating the sample with ah alogen lamp through the quartz window.
In both chambers, the Au(111)s urface was cleaned by cycles of Ar + ion sputtering and annealing in UHV at 700 K. Residual carbon was removed by oxidation at 700 Ki n1 0 À6 mbar O 2 .T he surface cleanness was checked by AES and LEED (STM) prior to the film growth.
The preparation of an FeO(111)f ilm on Au(111)f ollowed the one reported by Khan et al. [10] Iron was vapor-deposited from aF er od (99.99 %, Goodfellow) using an e-beam assisted evaporator (Omicron EMT3) at 300 Ka nd then oxidized at 323 Ki n3 10 À7 mbar O 2 for 8min. The sample was annealed in UHV at 700 Kf or 10 min.
